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(54) Side-mounted thin film magnetic head and method of fabrication thereof 



(57) A thin film "third axis" magnetic head is provided 
which is resistant to head wear which heads typically ex- 
perience when operating in close proximity to a magnetic 
recording media. A relatively soft magnetic core (180) is 
formed on the third axis surface (1 0C) of a hard insulative 
substrate (10). The magnetic core (180) includes a gap 
region (160) at the edge of the third axis surface (10C). 



The gap region (160) and a portion of the magnetic core 
adjacent the gap region (160) are covered with a protec- 
tive layer (210) of hard material, such as diamond-like 
carbon (DLC). In this manner, a ruggedized sand- 
wich-like head structure is formed including the hard sub- 
strate (10), the enclosed relatively soft magnetic core 
(1 80) and the protective layer (21 0) of hard DLC material. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates in general to magnetic record- 
ing and playback heads and, more particularly, to thin 
film magnetic recording and playback heads. 

Description of Related Art 

As seen in one conventional magnetic head ar- 
rangement shown in FIG. 1 A, many of today's magnetic 
recording and playback devices include a slider 1 0 which 
is attached to the end of a movable arm 15. In this ex- 
ample, a magnetic head 20 is integral to the slider. The 
slider/head assembly 25 thus formed is mechanically 
stepped to a selected track on a moving magnetic media 
30 for recording/playback purposes. The slider is aero- 
dynamically shaped to "fly" on a cushion of air in close 
proximity to magnetic media 30 which moves in a direc- 
tion indicated by arrow 35. 

FIG. 1 B shows a close-up perspective view of a con- 
ventional slider 10 on which a magnetic head 20 is situ- 
ated. Magnetic head 20 includes a gap 20A. Slider 10 
includes upper planar surface 10A (a first axis surface), 
a front side surface 1 0B (a second axis surface), and lat- 
eral side surface 10C (a third axis surface), each surface 
corresponding to a different respective axis of the slider. 
In FIG. 1B, magnetic head 20 is located on front side 
surface 1 0B and is thus said to be a "second axis' head. 
A "first axis" head is a head which is located on upper 
planar surface 10A. 

The particular second axis head 20 illustrated in FIG. 
1 B is recessed into front side surface 10B. A channel 22 
is cut from front to back of slider 10 as shown. In this 
manner, two parallel spaced apart rails 24A and 24B are 
formed which make up part of the flying surface of slider 
10. 

In the continuing quest for increased storage density 
in magnetic media storage devices, thin film magnetic 
heads have been developed. As opposed to earlier types 
of magnetic heads, the fabrication of which involves sig- 
nificant piecework and manual handling of individual 
parts, thin film magnetic heads take advantage of semi- 
conductor fabrication processes to form a large number 
of heads simultaneously on a common substrate or wa- 
fer. Such a thin film magnetic head can be used as head 
20 of FIG.'s 1Aand 1B. 

Unfortunately, when a "second axis" thin film head 
is fabricated, the size of the coil and electrical contact 
structures of the head typically limit the location of the 
channel in the very small sliders which are now being 
fabricated. It is noted that the channel and rails control 
the slider's flying performance over the magnetic record- 
ing media. Thus, limitations on the placement of the 
channel on the slider are not desirable. 
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Moreover, in "second axis" heads the size of the oil 
structure and other head structures also results in an in- 
herent limitation on how close the head gap can be lo- 
cated to the lateral side surface 10C (third axis surface) 
s of slider 10. This in turn limits how close the head gap 
can be positioned with respect to the edge of the record- 
ing media. 

To overcome some of the problems of the second 
axis head, a third axis head has been developed. Illus- 
trative third axis heads are described in an article by A. 
Sano et al. entitled "A Low Inductance Metal-ln-Gap 
Mead Using A Side-Core Concept", IEEE Transactions 
on Magnetics, vol. 23, No. B, November 1993, and in an 
article by Takayama et al., entitled "Development of 
MIG/Thin Film Coil Hybrid Magnetic Recording Head".... 
Typically, the entire core, or a portion of the core, is 
formed as part of the slider. The coils are incorporated 
either by hand wiring the core, or by attaching a thin film 
coil assembly. While the thin film coil assembly is eco- 
nomically an improvement over hand-wired coils, further 
economy and reliability are desired. 

SUMMARY OF THE INDENTION 

Advantageously, recession of the head gap is avoid- 
ed in one aspect of the present invention, thereby im- 
proving the strength of the recorded and detected sig- 
nals. 

One advantage of another aspect of the present in- 
vention is the providing of a thin film head, including core 
and coils, on the side of a support structure. 

Another advantage of the thin film head of the 
present invention is that one embodiment of the head 
can be fabricated without using via holes for electrical 
connection purposes. 

Yet another advantage of the thin film head of the 
present invention is that the disclosed head can be fab- 
ricated in large quantities using thin film semiconductor 
fabrication equipment. 

In accordance with one embodiment of the present 
invention, a slider/head assembly is provided including 
a slider substrate having a first axis surface, a second 
axis surface and a third axis surface. The slider substrate 
includes a common edge at which the first surface abuts 
the third surface. The slider/head assembly also includes 
a magnetic core situated on the slider, the magnetic core 
having a gap region which opens onto the common edge 
of the slider. The slider/head assembly further includes 
a hard protective layer situated atop the magnetic core 
and covering the magnetic core adjacent the common 
edge of the slider. In this manner, a protective sand- 
wich-like structure is formed by the substrate and hard 
protective layer to protect the relatively soft magnetic 
core therebetween from undesired head wear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention believed to be novel 
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are specifically set forth in the appended claims. How- 
ever, the invention itself, both as to its structure and 
method of operation, may best be understood by refer- 
ring to the following description and accompanying draw- 
ings. 5 

FIG. 1A is a conventional thin film head/slider 
assembly with a mechanical stepping actuator. 

FIG. 1 B is perspective view of the conventional thin io 
film head/slider assembly of FIG. 1 A. 

FIG. 2 A is a plan view of a substrate on which a plu- 
rality of thin film heads are being fabricated in 
accordance with the invention, the lower coil mem- is 
ber of a particular head being illustrated. 

FIG. 2B is a cross section of the particular head of 
FIG. 2A taken along section line 23-23. 

20 

FIG. 2C is a view of the head of FIG. 2B after removal 
of a seed layer. 

FIG. 3A is a plan view of the head after an insulative 
layer has been formed on the lower coil member. 25 

FIG. 3B is a cross section of the head of 

FIG. 3A taken along section line 33-33. 

30 

FIG. 4A-4C show plan views of process steps in the 
formation of a seed layer on the head. 

FIG. 4D is a cross section of the head of FIG. 4C 
taken along section line 40-40. 35 

FIG. 5 A is a plan view of the head after a first mag- 
netic core member is plated on the head. 

FIG. 5B is a cross section of the head of FIG. 5A *o 
taken along section line 5B-5B. 

FIG. 6A-6C show plan views of process steps in the 
formation of a diamond-like carbon (DLC gap region 
of the head. 45 

FIG. 6D is a cross section of the head of FIG. 6C 
taken along section line 6D-6D. 

FIG. 7A is a plan view of the head after a second so 
magnetic core member is plated on the head. 

FIG. 7B is a cross section of the head taken along 
section line 7B-7B. 

55 

FIG. 7C is a cross section of the head taken along 
section line 7C-7C. 



FIG. 8A is a plan view of the head after an insulative 
layer is formed in the coil region. 

FIG. 8B is a cross section of the head taken along 
section line 8B-8B. 

FIG. 9A is a plan view of the head after an upper coil 
member is formed in the coil region and after the 
seed layer for the coil is removed. 

FIG. 9B is a cross section of the head through the 
coil region prior to removal of the seed layer. 

FIG. 9C is a cross section of the head of FIG. 9A 
taken along section line 9C-9C after the seed layer 
for the coil is removed. 

FIG. 1 0A is a plan view of the head after formation 
of a protective insulative layer atop the upper coil 
member. 

FIG. 1 0B is a cross sectional view of the head of FIG. 
10A taken along section line 10B-10B. 

FIG. 11 A is a cross sectional view of the head 
through the coil region after deposition of a protec- 
tive DLC layer. 

FIG. 11 B is a cross sectional view of the head 
through the gap region after deposition of a protec- 
tive DLC layer. 

FIG. 1 1 C is a plan view of the head after deposition 
of a DLC layer and after selective removal of por- 
tions of the DLC layer to form a DLC protective mem- 
ber. 

FIG. 1 1 D is a cross sectional view of the head of FIG. 
11C taken along section line 11D-11D. 

FIG. 1 1 E is a cross sectional view of the head of FIG. 
1 1 C taken along section line 1 1 E-1 1 E. 

FIG. 12 is a perspective view of a plurality of 
head/slider assemblies fabricated from a common 
substrate. 

FIG. 13A is a perspective view of one head/slider 
assembly fabricated in accordance with the present 
invention. 

FIG. 13B is a perspective view of another 
head/slider assembly fabricated in accordance with 
the present invention. 

FIG. 14 shows a preferred implementation of the 
magnetic core employing an asymmetric gap region. 
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FIG. 15 shows a magnetic core for an orthogonal 
field head. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

We have found that the gaps of third axis heads, and 
to a lesser degree second axis heads, are often recessed 
beneath the surface of the slider on which they are dis- 
posed. The recessed property occurs as a result of the 
lapping process applied to the slider in forming the aer- 
odynamic shape of the slider. The relatively soft materi- 
als of the core are stretched an disproportionally re- 
moved during the lapping process, so that when the core 
materia! remaining after lapping relaxes, it retreats be- 
neath the plane of the slider surface. The problem typi- 
cally does not lead to significant weakness in the record- 
ed signal strength in many second axis head applica- 
tions, since each recorded region of the magnetic media 
receives flux from over the full length of the gap. How- 
ever, in third axis head applications, the recorded signal 
strength can be undesirably weak since each recorded 
region of the magnetic media receives flux from just over 
the relatively narrow width of the gap. 

A fabrication process for a thin film third axis head, 
which typically is of value in magnetic disks, is shown in 
Figures 2A through 1 1 E. However, the process is gener- 
ally suitable for use in fabricating thin film magnetic 
heads that are disposed on a side of any type of support- 
ing structure, wherein the supporting structure serves as 
a substrate for the fabrication. Such side-disposed 
heads are useful in a variety of applications, including, 
for example, digital tape backup units and video cassette 
tape recorders. 

FIG. 2 A shows a substrate 50 on which a plurality of 
thin film heads 100 are to be fabricated. In one embodi- 
ment, substrate 50 is fabricated from alumina and exhib- 
its a thickness within the range of approximately 25 u. to 
approximately 65 p.. Thin film techniques are used to du- 
plicate the structure of head 100 multiple times on sub- 
strate 50. Dashed lines are used in FIG. 2A to indicate 
that the pattern of head 100 is replicated multiple times 
on substrate 50. After the process of fabricating multiple 
heads 100 on a common substrate is complete, the re- 
sultant structure is cut or diced up to form individual 
heads. The heads are then machined to form sliders. 

As illustrated in FIG. 2A, a seed layer 105 of electri- 
cally conductive material such as CrCu is sputtered on 
substrate 50. Layer 105 is used as a seed layer for sub- 
sequent plating steps in the fabrication of head 100. In 
this particular embodiment, seed layer 105 is relatively 
thin and exhibits a thickness within the range of approx- 
imately 200 A° to approximately 400 A° of sputtered Cr 
followed by approximately 500 A 0 to approximately 1000 
A° of sputtered Cu. The Cr portion of seed layer 1 05 acts 
as an adhesion layer to enhance the adhesion of the re- 
maining Cu portion of the seed layer. 

A lower coil member 110 is formed on seed layer 



105 as shown in FIG. 2B. FIG. 2B is a cross section of 
the partially formed head 1 00 of FIG. 2A taken along sec- 
tion line 2B-2B. One way to form lower coil member 110 
is to deposit a layer of photoresist (not shown) on seed 

5 layer 105. This photoresist layer is then patterned using 
conventional photolithographic techniques which in- 
cludes photoresist application, masking, exposure, de- 
veloping, and so forth. More specifically the photoresist 
layer is patterned to cover the entire surface of seed layer 

10 105 except for openings at the locations where the coil 
elements 11 OA of lower coil member 110 are to be 
formed. Head 100 is then subjected to a plating bath of 
copper. Copper is thus plated in the openings of the pho- 
toresist layer to form lower coil layer 110. The thickness 

is of coil member 110 is within the range of approximately 
3 jx to approximately 3.5 u, at this stage. 

The partially formed head 1 00 of Fl G. 2A is then sub- 
jected to a series of etchants which removes the exposed 
portions of seed layer 105 as shown in FIG. 20. More 

20 particularly, to etch the CrCu seed layer 105, a solution 
of ammonium persulfatej ammonium hydroxide and wa- 
ter is used to etch the copper (Cu) portion of the seed 
layer and a solution of potassium permanganate, potas- 
sium hydroxide in water is used to etch the chrome(Cr) 

2S portion of the seed layer. In the course of removing seed 
layer 105, approximately .05 u,of lower coil member 110 
is also removed. However, this is such a small portion of 
the overall thickness of lower coil member 110 so that 
the coil's performance is not affected. For simplicity in 

30 the subsequent drawings, the portion of seed layer 105 
which is left remaining under coil elements 1 1 0A of lower 
coil member 1 1 0 is not shown. It is noted that at the same 
time that lower coil member 110 is formed, circular coil 
connecting pads 115 and 120 and coil connective ele- 

35 ment 1 25 are formed by the same photolithographic/plat- 
ing technique. Coil connecting pads 115 and 120 need 
not necessarily be circular. For example, pads 115 and 
120 can also exhibit a square, rectangular or any other 
geometry, as well as any variety of sizes and locations, 

40 convenient for connecting wires. 

An electrically insulative layer 130 is formed above 
lower coil member 110 as shown in FIG. 3A. Insulative 
layer 1 30 is sized to cover lower coil member 1 1 0 except 
for the ends 11 0B and 1 10C of the coil elements thereof. 

45 One way to form insulative layer 1 30 is to coat the upper 
surface of the partially formed head 100 of FIG. 2C with 
photoresist. The photoresist is then photographically 
patterned to form a protective photoresist insulative layer 
1 30 above lower coil member 1 1 0 as illustrated in the top 

50 plan view of FIG. 3A and in FIG. 3B which is a cross sec- 
tion of head 100 of FIG. 3A taken along section line 
3B-3B. To accelerate curing of the photoresist used to 
form Insulative layer 1 30, E-beam curing of the photore- 
sist Is employed. Exposing the photoresist to an E-beam 

55 for a time within the range of approximately 20 minutes 
to approximately 40 minutes is found to produce accept- 
able curing results. 

A "lift-off" process is now used to pattern an electri- 
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catly conductive seed layer 1 35 on the partially formed 
head 100 as show in FIG.'s 4A-4B. As part of this proc- 
ess, a protective layer of photoresist is patterned on 
those portions of head 100 on which seed layer 135 is 
not to be formed. More particularly, as shown in FIG. 4A, 
the ends 1 1 0B of lower coil member 1 1 0 are covered by 
a temporary protective element of photoresist 1 40. In ad- 
dition, the ends 1 1 0C of lower coil member 1 1 0 and also 
coil connecting pads 1 1 5 and 1 20 are covered by another 
temporary protective element of photoresist 145. Seed 
layer 135 is then formed on the resultant structure as 
shown in FIG. 45. For example, an electrically conduc- 
tive, nonmagnetic material such as Cr-Niv is sputtered 
on the upper surface of head 100 as shown in FIG. 4B 
to form seed layer 135. In one embodiment, seed layer 
1 35 is sputtered chrome (Cr) or other adhesion-promot- 
ing layer followed by a sputtered non-magnetic nick- 
el-vanadium (Niv) 7% film, for example. Seed layer 135 
includes a chrome (Cr) portion which exhibits a thickness 
within the range of approximately 200 A° to approximate- 
ly 400 A°. Seed layer 135 also includes an Nickel vana- 
dium (Niv) portion which exhibits a thickness within the 
range of approximately 1000 A° to approximately 1500 
A°. In FIG. 4B, dashed lines are used to indicate some 
of structures which are situated below seed layer 135. 

Photoresist layers 140 and 145 are now "lifted- off" 
head 100. To accomplish this lift-off, the partially com- 
plete head 100 of FIG. 4B is placed in an ultrasonic bath 
including a photoresist solvent such as acetone, for ex- 
ample. The seed layer 135 is sufficiently thin such that it 
does not cover photoresist layers 140 and 145 very well. 
In this manner, there are sufficient avenues of attack by 
which the solvent can get through seed layer 1 35 in the 
region of photoresist layers 140 and 145 to dissolve 
these photoresist layers. When photoresist layers 140 
and 145 are thus dissolved, the portions of seed layer 
135 immediately above photoresist layers 140 and 145 
lift-off and float away. The region of head 100 immedi- 
ately surrounding coil ends 1 10B is thus void of seed lay- 
er 1 35 as shown in FIG. 4C. Similarly, the region of head 
100 immediately surrounding coil ends 110C and coil 
connecting pads 115 and 120 is also void of seed layer 
1 35. FIG. 4D provides a cross-sectional view of the par- 
tially complete head 100 taken along section line 4D-4D, 
namely though lower coil member 110. 

A first magnetic core member 150 is formed on the 
surface of partially complete head 100 as shown in FIG. 
5 A. First magnetic core member 1 50 is shaped to extend 
between ends 1 1 0B and 1 1 0C of lower coil 1 1 0 member. 
Core member 150 includes ends 150A and 150B, of 
which end 150B will be designated as gap end 150A. 
End 150 A forms the first pole of head 100. 

To form first magnetic core member 150, a layer of 
photoresist (not shown) is patterned on head 100. This 
photoresist layer includes an opening where core mem- 
ber 1 50 is to be located as indicated in FIG. 5A. Plateable 
magnetic material such as NiFe is then plated in the 
opening in the photoresist layer using seed layer 135 as 
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a seed. The photoresist layer is then removed as de- 
scribed earlier, leaving the structure shown in FIG. 5A 
and 5B. FIG. 5B is a cross-sectional view of the partially 
complete head 100 of FIG. 5 A taken along section line 
s 5B-5B. In FIG.'s 5A and 5B, the centerline of head 100 
is indicated as centerline 155. 

To provide the poles of head 100 with protection 
against head wear, a gap region 160 of hard durable ma- 
terial, such as diamond-like carbon (DLC), for example, 
io is formed at gap end 1 50 A of core member 1 50 as shown 
in FIG.'s 6A-6D. It is noted that gap 160 should be fab- 
ricated from a non-conductive material, such as DLC. In 
more detail, to form this DLC gap region, the entire sur- 
face of the partially complete head 100 is covered with 
is a layer 1 65 of diamond-like carbon material as shown in 
FIG. 6A. One way of forming DLC layer 1 65 is by chem- 
ical vapor deposition (CVD), the process of which is de- 
scribed in more detail later. The thickness of DLC layer 
1 65 is within the range of approximately .2u, to approxi- 
20 mately 1.0ji. In FIG.'s 6A-6B, dashed lines are used to 
indicate structures belovy diamond-like carbon layer 165 
which would not otherwise be visible. 

After DLC layer 1 65 is formed on the surface of head 
100 as shown in FIG. 6 A, a protective element 170 of 
25 photoresist is formed on the upper surface of partially 
complete head 100 at gap end 150 A as shown in FIG. 
6B. In one embodiment, the photoresist element 170 is 
rectangular and of dimensions approximately 5jim by 
approximately 50 um Head 100 is then subjected to a 
30 reactive ion etch which removes DLC layer 165 from all 
of head 1 00 except for the portion of head 1 00 protected 
by photoresist element 170. Photoresist element 170 is 
then removed by a photoresist solvent such as acetone, 
thus leaving a DLC gap region 1 60 as shown in FIG. 6C. 
35 DLC gap region 1 60 is shown in more detail in the cross 
sectional view of FIG. 60 which is taken along section 
line6D-6Dof FIG.6C. 

DLC fabricated in this manner results in a DLC layer 
165 with a Knoop hardness of approximately 800. It is 
40 found that DLC layer Knoop hardnesses of greater than 
700 up to approximately 2000 Knoop produce an accept- 
ably hard layer 165 for wear protection purposes. More 
specifically, a suitable hardness range for layer 165 is in 
the range of from approximately 800 Kg/mm 2 knoop to 
45 approximately 2000 Kg/mm 2 Knoop DLC wear layer 165 
is then reactive ion etched as described to form DLC 
wear layer to from DLC gap region 160. 

As seen in FIG. 6D, DLC gap region 160 exhibits a 
substantially Z-like shape in this particular embodiment. 
50 in other words, DLC gap region includes a substantially 
vertical member 160A from which ends 160B and 160C 
extend as illustrated. DLC end 160B overlaps onto core 
member 150 and DLC end 160C overlaps onto seed lay- 
er 135. with more precise masking and positioning of 
55 photoresist layer 170 adjacent gap end 150 A, it is pos- 
sible to reduce the overlap of DLC end 160B onto core 
member 150 and DLC end 1600 onto seed layer 1 35 at 
the other. In this manner, the shape of DLC gap region 
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1 60 can exhibit a more vertical, substantially rectangular 
shape. This overlap of gap material onto the core does 
not negatively impact the performance of the resultant 

head. 

A second magnetic core member 175 is formed on 
partially complete head 100 as shown in FIG. 7 A. Sec- 
ond magnetic core member 175 includes ends 175 A and 
175B. End 175B contacts and magnetically couples to 
end 150B of first magnetic core 150. In actual practice, 
end 175B overlaps end 150B by up to approximately 3 
p. in the present embodiment to insure connection and 
to allow for masking tolerances. The remaining end 1 75A 
of second magnetic core member 175 is situated adja- 
cent DLC gap region 160 as shown. First magnetic core 
member 150 and second magnetic core member 175 
thus together form a completed, substantially 
ring-shaped magnetic core 1 80. The first pole of core 1 80 
is formed by gap end 1 50A and the second pole of core 
180 is formed by gap end 175A. The gap width, W G , is 
defined to be the width of gap region 160, namely the 
distance the first pole at gap end 150A and the second 
pole at gap end 175 A. In other words, the horizontal di- 
mension of vertical member 160A (see FIG. 7A) is the 
gap width of the head. Typical gap widths for head 100 
are approximately .2 microns to approximately 1 micron. 
Magnetic core 180 includes a throat 182 at the inner ver- 
tex of the first magnetic core member 150 and second 
magnetic core member 175 as shown in FIG. 7A. 

One way to form second magnetic core 1 75 on head 
100 is to coat head 100 with a layer of photoresist (not 
shown). The layer of photoresist is patterned to include 
an opening at the location of head 100 where second 
magnetic core 175 is to be formed as indicated in FIG. 
7A. Magnetic material such as NiFe is then plated in the 
opening in the photoresist layer. Seed layer 135 is used 
as the seed layer for this plating step. Upon completion 
of plating, the photoresist layer is removed with a pho- 
toresist solvent, thus leaving second magnetic core 175 
as shown in FIG. 7A. 

FIG. 7B shows a cross section of head 100 of FIG. 
7A taken along section line 7B-7B, namely through the 
gap region of partially complete head 100 at this stage 
in fabrication. Core 180 exhibits a thickness within the 
range of approximately 2 u, to approximately 8 u, at this 
stage in fabrication. It is noted that seed layer 135 need 
not be removed. However, for simplicity, seed layer 1 35 
is not shown in the subsequent drawings. 

FIG. 7C is a cross section of head 100 of FIG. 7A 
taken through the coil region, namely through section 
line 7C-7C. It is again noted that seed layer 135 need 
not be removed. However, for simplicity, seed layer 1 35 
is not shown in the subsequent drawings. 

An electrically insulative layer 185 is formed above 
lower coil member 110 and first magnetic core member 
1 50 as shown in FIG. 8A. Insulative layer 185 is sized to 
cover tower coil member 110 except for the ends 11 0B 
and 110C of the coil elements thereof. Insulative layer 
1 85 is formed by coating the upper surface of the partially 
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formed head 100 with photoresist. The photoresist is 
then photographically patterned to form a protective pho- 
toresist insulative layer 185 above lower coil member 
110 as illustrated in the top plan view of FIG. 8A and in 
s FIG. 8B. FIG. 8B is a cross section of head 100 of FIG. 
8A taken along section line 8B-8B, namely through the 
coil region. To accelerate curing of the photoresist used 
to form insulative layer 185, E-beam curing of the pho- 
toresist is employed. Exposing the photoresist to an 

10 E-beam for a time within the raoge of approximately 20 
minutes to approximately 40 minutes is found to produce 
acceptable curing results. 

An upper coil member 1 90 is now formed on partially 
complete head 1 00 as shown in FIG.'s 9A-9C. Upper coil 

is member 190 includes a plurality of coil elements 190A 
having opposed ends 190B and 190C. Each end 190B 
of coil elements 1 90A mates up and electrically connects 
to a corresponding end 11 0B of coil elements 110 ther- 
ebelow. Similarly, each end 190C of coil elements 190A 

20 mates up and electrically connects to a corresponding 
end 1 1 0C of coil elements 1 1 0 therebelow. Each of upper 
coil elements 190A is slightly angled as shown in FIG. 
9A to form a substantially helically-shaped coil when 
coupled to lower coil elements 11 OA. 

25 One way to form upper coil member 1 90 is to deposit 
a seed layer 195 of electrically conductive material such 
as CrCu atop partially complete head 100 as shown in 
FIG. 9B. For example, CrCu is sputtered on head 100 to 
form seed layer 1 95. In this particular embodiment, seed 

30 layer 1 95 is relatively thin and exhibits a thickness within 
the range of approximately 200 A° to approximately 400 
A° of sputtered Cr followed by approximately 500 A° to 
approximately 1000 A° of sputtered Cu. A layer of pho- 
toresist (not shown) is coated on seed layer 195. This 

35 photoresist layer is then patterned using conventional 
photolithographic techniques to cover the entire surface 
of seed layer 1 95 except for openings at the locations 
where the coil elements 1 90A of upper coil member 1 90 
are to be formed. Head 1 00 is then subjected to a plating 

40 bath of copper. Copper is thus plated in the openings of 
the photoresist layer to form upper coil member 1 90. The 
thickness of coil member 190 is within the range of ap- 
proximately 3 p. to approximately 3.5 u. at this stage. 
The partially formed head 1 00 of Fl G. 9B is then sub- 

45 jected to an etchant to remove seed layer 1 95. The same 
etchant which is used to remove seed layer 105 of FIG. 
2C may be used. In the course of removing seed layer 
195, approximately .05 p, of upper coil member 190 is 
also removed. However, this is such a small portion of 

so the overall thickness of upper coil member 190 so that 
the coil's performance is not affected. For simplicity in 
the subsequent drawings, the portion of seed layer 195 
which is left remaining under coil elements 1 90Aof upper 
coil member 1 90 is not shown. It is noted that at the same 

55 time that upper coil member 1 90 is formed, coil connec- 
tive element 200 is formed by the same photolithograph- 
ic/plating technique. Coil connective element 200 cou- 
ples upper coil member 1 90 to coil connecting pad 1 20. 



EP 0 700 033 A2 



EP 0 700 033 A2 



12 



11 

Together, lower coil member 1 1 0 and upper coil member 
190 form a complete coil which is effectively wound 
around magnetic core 180. The ends of the coil thus 
formed are coupled to connective pads 115 and 120 as 
shown in FIG. 9A. It is noted that FIG. 9 A depicts partially 
complete head 100 after coil formation is complete and 
after seed layer 1 95 is removed. FIG. 9C is a cross sec- 
tion of the head 100 taken along section line 9C-9C, 
namely though the coil region of the head of FIG. 9A. 

A protective electrically insulative layer 205 is 
formed above upper coil member 190 as shown in FIG. 
10A-10B. Insulative layer 205 is sized to cover electri- 
cally insulative layer 165 and upper coil elements 190. 
Insulative layer 205 is formed by coating the upper sur- 
face of the partially formed head 100 with photoresist. 
The photoresist is then photographically patterned in 
substantially the same manner as insulative layer 1 30 to 
form a protective photoresist insulative layer 205 above 
upper coil member 1 90 as illustrated in the top plan view 
of FIG. 10A and the cross section of FIG. 10B. In this 
manner, coil elements 190 are protected from potential 
shorts. 

To provide head 100 with durability in gap region 
160, a diamond like carbon (DLC) hard protective mem- 
ber 210 , fabricated from a hard material such as dia- 
mond like carbon (DLC), is situated atop magnetic core 
180 adjacent gap region 160 (see FIG. 11C). To form 
such DLC protective member 210, a layer 220 of DLC 
material is desposited atop the upper surface of partially 
complete head 100 as seen in FIG.'s 11 A and 11B. 

More detail is now provided with respect to the for- 
mation of DLC protective wear member 210. DLC is not 
true diamond, but rather an allotrope of carbon contain- 
ing diamond crystallites and graphitic carbon. Care is 
taken to form the DLC layer 220 with a suitable hardness 
but without creating undue stresses that tend to damage 
the integrity of the head structure. Before DLC layer 220 
is actually laid down on its silicon adhesion layer 215, 
the adhesion layer is sputter cleaned. In the course of 
performing this sputter cleaning, approximately 200A of 
the upper surface of the silicon adhesion layer is re- 
moved. More particularly, the silicon adhesion layer 215 
is sputter cleaned in a SAMCO plasma machine, Model 
Mo. PD-2000 (Plasma Enhanced CVD System For DLC 
Deposition and Etching), hereafter the "plasma ma- 
chine". This sputter cleaning is performed with Argon in 
a plasma within the plasma machine vessel at a pressure 
of 70 mTorr with 1 80 watts RF input power at a frequency 
of 13.56 MHz. The flow rate of Argon is approximately 
100 seem. The partially complete head 100 is situated 
on a 6 inch diameter cathode (ie. the energized elec- 
trode) of the SAMCO plasma machine, Model PD-200D, 
for approximately 3 to approximately 4 minutes. 

Immediately after the Argon plasma cleaning (sput- 
ter etching) is complete, the input power is reduced to 
110 - 1 50 watts to the same 6 inch cathode electrode. 
The Argon source is turned off and a source of liquid hy- 
drocarbon DLC source material is turned on. For exam- 



ple, one DLC source material that may be used is Pari 
No. S-12 available from SAMCO, Sunnyvale, CA. The 
pressure within the vessel is approximately 20-approxi- 
mately 25 mTorr at a flow rate of source material of ap- 

s proximately 25 cm 3 /min. Although the temperature is not 
specifically controlled during this process, the wafer on 
which the head is fabricated is situated on a water-cooled 
cathode while in the plasma machine. Under these con- 
ditions, a DLC deposition rate of approximately 1000 

10 A°/min is obtained which is maiotained until the desired 
DLC thickness is reached, namely approximately 5 jx. It 
is noted that substantially the same DLC chemical vapor 
deposition process as described above is also used to 
form DLC gap region 160 except that for the relatively 

1$ thin DLC layer 160, it has been found that a silicon ad- 
hesion layer can be omitted if desired. 

This chemical vapor deposition process is used to 
form DLC layer 220 up to a depth of approximately 5 mi- 
crons. In this manner, as viewed from the side in cross 

20 section, as in FIG. 1 1 B, a substrate (hard material), mag- 
netic core (soft material) 1 , DLC protective member (hard 
material) sandwich is formed which protects the relative- 
ly soft magnetic core theVein from wear. Although a por- 
tion of the DLC member 210 is removed from the sand- 

25 wich during a subsequent lapping step, the remaining 
portions of DLC member 21 0 in conjunction with the hard 
substrate 50 bound the soft magnetic material of the 
magnetic core 1 80 on all sides, thereby protecting it from 
wear. The hardness of DLC protective member 210 and 

30 the hardness of substrate 50A are selected to be sub- 
stantially greater than the hardness of magnetic core 
180. For example, the hardness of magnetic core 180 
(NiFe) is approximately 400 Kg/mm 2 Knoop In contrast, 
in this particular embodiment, the hardness of DLC pro- 

35 tective member 210 is approximately 2000 Kg/ mm 2 
Knoop and the hardness of the alumina substrate 50A is 
approximately 2000 Kg/mm 2 Knoop Generally the hard- 
ness of DLC member 210 is selected to be greater then 
approximately 700 Knoop and up to approximately 2000 
Knoop. More specifically, the hardness of DLC member 
210 is selected to be within the range of approximately 
800 Knoop to approximately 2000 Knoop. While other 
materials may be selected for substrate 50A and protec- 
tive member 210, it will be appreciated that the hardness 

45 of these materials is substantially greater than the hard- 
ness of the relatively soft magnetic material employed 
for the magnetic core. 

In summary, to form DLC layer protective member 
213 from DLC layer 220, a relatively thin silicon adhesion 

50 layer 21 5 is first sputtered on the entire upper surface of 
head 100 as shown in FIG. 11 A and 11B. Silicon adhe- 
sion layer 215 typically exhibits a thickness within the 
range of approximately 400 A 0 to approximately 1000 
A°. Silicon adhesion layer exhibits a nominal thickness 

55 of approximately 600 A° in a preferred embodiment. A 
DLC layer 220 is then deposited over silicon adhesion 
layer 21 5. Silicon adhesion layer 21 5 enables DLC layer 
220 to stick to the upper surface of head 100. FIG. 11 A 
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is a cross section through the coil region of head 100 
after formation of silicon adhesion layer 215 and DLC 
layer 220. FIG. 11 B is a cross section through the gap 
region of head 100 after formation of silicon adhesion 
layer 215 and DLC layer 220. 5 

To actually form DLC protective member 210 from 
DLC layer 220, head 100 is coated with a layer of pho- 
toresist (not shown). The photoresist is patterned 
(masked, exposed to light and cured) such that only pho- 
toresist remains in the area of head 100 at which DLC 10 
protective member 210 is to be present as indicate in 
FIG. 11C. Photoresist is removed from the remainder of 
head 100 except for that present at the region which is 
to become DLC protective 210, which in this particular 
example exhibits a substantially rectangular geometry, is 
Head 100 is then subjected to an 0 2 reactive ion etch 
which removes all DLC from the DLC layer 220 of head 
1 00 except for the portion of DLC layer 220 protected by 
the photoresist layer. The portion of DLC layer 220 which 
was protected by photoresist remains and forms DLC 20 
protective member illustrated in FIG. 11 C. A similar re- 
active ion etch using 80 - 90% CF 4 and 20 - 10% 0 2 also 
removes the exposed portion of silicon adhesion layer 
215. DLC protective member 210 typically exhibits a 
thickness within the range of approximately 4 u, to ap- 2s 
proximately 8 and a nominal thickness of approximate- 
ly 5 u. in a preferred embodiment. 

Coil connective pads 1 1 5 and 1 20 are gold plated to 
enhance their electrical connection properties. To 
achieve such gold plating, head 100 of FIG. 11C is cov- 30 
ered with a Cr-Cu or Cr-Au seed layer (not shown). The 
head is then patterned with a layer of photoresist to in- 
clude openings at the locations of pads 1 1 5 and 1 20. The 
head is then gold plated such that pads 115 and 120 are 
plated up with gold while the remainder of head 100 re- 35 
mains unaffected due to the protection afforded by the 
photoresist layer. The seed layer is then removed by suit- 
able chemical etching. 

FIG. 1 1 C shows magnetic core 1 80 as including sub- 
stantially parallel side core members 180A and 180B. *o 
Magnetic core 180 also includes a lower core member 
160C which joins side core members 180A and 180B. 
Whereas in the particular embodiment shown in FIG. 
1 1 C, the coil formed by lower coil member 110 and upper 
coil member 190 is wound around lower core member 45 
180C, this coil can alternatively be wound around side 
core members 1S0A or 180B. The location of coil con- 
necting pads 115 and 120 can be moved to be adjacent 
the new location of the coil if desired. 

FIG. 11C is drawn to show a partially formed head so 
100 in solid black line and a plurality of adjacent neigh- 
boring heads 100 on the same substrate are indicated 
by dashed lines. It will be recalled that numerous heads 
1 00 can be fabricated simultaneously side by side on the 
same substrate. When this stage of fabrication is ss 
reached, all of the heads 100 on the substrate are diced 
up into individual slices which are further machined to 
form sliders with the head being situated on the third axis 



of the slider. The head in this instance is an integral part 
of the slider. 

The head 100 shown in black line in FIG. 11C is cut 
away from the other heads 100 by cutting along cut line 
225 and cut line 230. Cut line 230 abuts DLC protective 
member 220 and cuts into the gap region so as to expose 
the gap region for recording and playback purposes. Cut 
line 230 is an initial rough cut on a row of heads. In actual 
practice, the gap region of head 1 00 is lapped back from 
cut line 230 to a distance within approximately 1 u, of 
throat 182 of magnetic core 180. 

FIG. 11 D Is a cross section of the head of FIG. 11 C 
after cuts have been made along the prescribed cut lines. 
This cross section is taken along section line 11D-11D 
of FIG. 11C, namely through the coil member. FIG. 11 E 
is a cross section of the head of FIG. 1 1 C again after cuts 
have been made along the prescribed cut lines, except 
that this cross section is taken through the gap region 
along section line 11E-11E. Thus, FIG. 11E is a cross 
section which faces the magnetic recording media. 

As mentioned abovje, a plurality of heads 100 are 
formed by cutting along cut lines 225 and cut lines 230 
across substrate 50. (FIG. 11 C is not drawn to scale.) As 
seen in the representation of a wafer 2100 in FIG. 12, 
first, a cut is made across the entire wafer 1200 using a 
diamond saw to form edge 1202, as shown. Note that 
Figure 12 is not to scale. Then a groove 1203 is ma- 
chined into edge 1 202 with the remaining material even- 
tually forming the air bearing surface of the slider. The 
edge 1 202 of the wafer 1 200 is lapped to form the "media 
side" of all of the sliders disposed on the edge 1202. A 
second cut is made along the next of the cut lines 230 to 
form a sliver 1210 of wafer and to expose a new edge 
1 204 of the wafer 1 200. The sliver 1 21 0 is then precision 
cut using a diamond saw along the cut lines 225. which 
results in a number of individual slider units like 235 
shown in FIG. 1 3A and 1 3B. As seen in the close-up per- 
spective view of head/slider assembly 235 of FIG. 13A, 
the coil is oriented on the lowermost portion of the mag- 
netic core. In an alternative embodiment shown in FIG. 
1 3B, the coil is oriented on the rightmost arm of the Bond- 
ing pads 239A and 239B are shown which are coupled 
to the coil portion of the head. The coil may be mounted 
at different locations around the circumference of the 
core. Moreover, the gap region of the core need not be 
centered on the core, but may alternatively be asymmet- 
ric as shown in FIG. 13B. 

In actual practice, the lateral dimension D L , of the 
substrate portion 50 A on which head 100 is located is 
significantly longer than it appears in FIG. 11C. In ac- 
cordance with one embodiment, the lateral dimension, 
D L , of substrate portion 50A is sufficiently long such that 
substrate portion 50 A and head 1 00 together form an in- 
tegral head/slider assembly 235. A close-up perspective 
view of one head/slider assembly 235 is shown in FIG. 
13A. 

The lateral dimension, D L , of substrate portion 50 A, 
adjacent substrate portion 50B and other like substrate 
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portions is approximately 2200 u, in this particular exam- 
ple. It should be appreciated that this value will vary ac- 
cording to the particular application of the head/slider as- 
sembly. Head slider assembly 235 exhibits a width, D w , 
of approximately 1680 u, and a height, D H , of approxi- 
mately 500 p, in this particular example. It should be ap- 
preciated that these D L , Dyy, and D H values will vary ac- 
cording to the particular application of the head/slider as- 
sembly. 

As seen in FIG. 13A, a channel 240 is machined in 
the media surface 235A of head/slider assembly 235 
which the gap of head 1 00 faces. In other words, channel 
240 is machined in the "media side" of head/slider as- 
sembly 235, namely the side of assembly 235 which fac- 
es the magnetic recording media. When channel 240 is 
so machined, substantially parallel rails 245 and 250 are 
formed. The recording media (not shown) is positioned 
parallel with and in close proximity to the media surface 
235 A of slider 235. The recording media may be a mag- 
netic disk, tape or other moving magnetic media. Angled 
flying surfaces, such as those shown on the rails in FIG. 
1 B, may be incorporated in rails 245 and 250. 

A third axis head 100 is thus formed on substrate 
SO A. Third axis head 100 is to be contrasted with first 
axis heads and second axis heads, For comparison pur- 
poses, a first axis head is defined to be a head situated 
on "planar" surface 235A (the first axis surface). Surface 
235 A is said to be planar in that it is parallel with the plane 
of the recording media (not shown). Although substan- 
tially planar, surface 235A does include the already de- 
scribed channel 240. A first axis head is planar and sub- 
stantially parallel with respect to the media. The orienta- 
tion of a slider with respect to the recording media is il- 
lustrated in FIG. lA. In actual practice, the slider is ori- 
ented more parallel with the recording media 30 than in- 
dicated in FIG. 1A. 

A head located on surface 235B (the second axis 
surface) and oriented perpendicular to the media is an 
example of a second axis head. A second axis head is 
perpendicular to the direction of media travel. For exam- 
ple, a head situated on surface 235B is a second axis 
head. A simplified example of a second axis head was 
illustrated in FIG. 15. 

The disclosed head 100 of FIG. 13 is a third axis 
head which is situated on slider surface 235C (the third 
axis surface). Third axis head 100 is oriented substan- 
tially perpendicular to the media (not shown) and sub- 
stantially parallel to the direction of media travel. The di- 
rection of travel of the media is indicated by arrow 245 
above head/slider assembly 235. Although not shown in 
FIGS. 13A and 13B, the recording media would be po- 
sition slightly above head 100 in FIGS. 13A and 13B. 

The thin film head process described herein forms 
a thin film head in which the magnetic field is longitudinal. 
However, the process may be varied to achieve different 
core types and gap orientations. Figure 14 shows a pre- 
ferred implementation of a core 1400. Figure 15 shows 
a core 1500 for an orthogonal field head. The core 1500 



has an elongated section 1 502 and a restricted section 
1504. In practice, a magnetically permeable body 1508 
is placed opposite sections 1 502 and 1 50e, with the gap 
region being the air space therebetween and the mag- 

s netic media 1506 occupying the gap region. The dense 
flux region between the restricted section 1504 and the 
body 1506 writes and reads the media 1506. 

In the particular "third axis" head assembly shown 
in FIG. 1 1C, the coil structure is wound around lower core 

io member 180C. Other embodiments are also possible 
wherein the coil structure is wound around side core 
member 180A or side core member 180B. Moreover if 
desired in a particular application, the coil structure can 
be divided over two or more of core members 180A, 

is 1 80B and 1 80C. Although the particular head described 
above is situated on the third axis surface, the head can 
also be situated on the second axis surface if desired. 

While a "third axis" slider/head assembly apparatus 
has been described above, it is clear that a method for 

20 fabricating such an integral slider/head assembly is also 
disclosed. Briefly, a metrjod of fabricating an integral slid- 
er/head assembly is provided which includes the step of 
providing a slider substrate including a first axis surface, 
a second axis surface and a third axis surface, the slider 

25 substrate including a common edge at which the first sur- 
face abuts the third surface. The method also includes 
the step of forming a magnetic core on the slider, the 
magnetic core including a gap region which opens onto 
the common edge of the slider. The method still further 

30 includes the step of forming a hard protective layer atop 
the magnetic core and covering the magnetic core adja- 
cent the common edge of the slider. 

In the disclosed third axis head 100, the head gap 
is on the side edge the slider so as to permit the head to 

35 get closer to the edge of the ever smaller magnetic re- 
cording media. This is a significant advantage over sec- 
ond axis heads. Moreover, the disclosed third axis thin 
film head does not suffer from the disadvantage of sec- 
ond film heads wherein the size of the coil structures and 

40 contact structures limit the machining and location of 
slots and channels which control the slider's flying per- 
formance over the recording media. 

While only certain preferred features of the invention 
have been shown by way of illustration, many modifica- 

^5 tions and changes will occur. It is, therefore, to be under- 
stood that the present claims are intended to cover all 
such modifications and changes which fall within the true 
spirit of the invention. 

so 

Claims 

1 . A slider/head assembly characterized by: 

a slider substrate (10) including a first axis sur- 
55 face (10A), a second axis surface (10B) and a third 
axis surface (10C), the slider substrate (10) includ- 
ing a common edge at which the first surface (10A) 
abuts the third surface (10C); 
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a magnetic core (180) situated on the slider 
substrate (10), the magnetic core (180) including a 
gap region (160) which opens onto the common 
edge of the slider substrate (10); and 

a hard protective layer (210) situated atop the 
magnetic core (1 80) and covering the magnetic core 
adjacent the common edge of the slider substrate 
(10). 

2. The slider/head assembly of claim 1 wherein the 
hard protective layer (210) exhibits a hardness sub- 
stantially greater than the hardness of the magnetic 
core (180). 

3. The slider/head assembly of claim 2 wherein the 
hard protective layer (210) comprises a dia- 
mond-like carbon (DLC) layer. 

4. The slider/head assembly of claim 1 wherein the 
substrate (10) is fabricated from a substrate material 
exhibiting a hardness substantially greater than the 
hardness of the magnetic core (180). 

5. The slider/head assembly of claim 4 wherein the 
substrate material is alumina. 

6. The slider/head assembly of claim 1 further compris- 
ing a coil (110, 190) wound around the magnetic 
core (180). 

7. The slider/head assembly of claim 6 wherein the coil 
(110, 1 90) comprises a lower coil layer (110) situated 
between the slider substrate (10) and the magnetic 
core (180), the lower coil layer (110) including a first 
end(110C). 

8. The slider/head assembly of claim 7 wherein the coil 
further comprises an upper coil layer (190) situated 
atop the magnetic core (180). 

9. The slider/head assembly of claim 7 wherein the coil 
further comprises an upper coil layer (190) situated 
atop the magnetic core (180), the upper coil layer 
(190) being coupled to the lower coil layer (110) to 
form the coil, the upper coil layer (190) including a 
second end (190C). 

1 0. The slider/head assembly of claim 1 wherein the gap 
region (1 60) is fabricated from a gap material exhib- 
iting a hardness substantially greater than the hard- 
ness of the magnetic core (180). 

11. The slider/head assembly of claim 10 wherein the 
gap material is diamond-like carbon (DLC). 

1 2. The slider/head assembly of claim 6 further compris- 
ing first and second electrical contacts (1 1 5, 1 20) sit- 
uated on the third surface of the slider substrate (1 0), 



18 

the first and second electrical contacts (115, 120) 
being coupled to the coil (110, 190). 

1 3. The slider/head assembly of claim 8 further compris- 
5 ing first and second electrical contacts (115,1 20) sit- 
uated on the third surface of the slider substrate ( 1 0), 
the first and second electrical contacts (115, 120) 
being coupled to the first and second ends (110C, 
1 90C), respectively, of the coil. 

10 

14. A method of fabricating an integral slider/ head 
assembly characterized by the steps of: 

providing a slider substrate (10) including a 
first axis surface (10A), a second axis surface (10B) 
is and a third axis surface (10C), the slider substrate 
(10) including a common edge at which the first sur- 
face (10A) abuts the third surface (10C); 

forming a magnetic core (180) on the slider 
(10), the magnetic core (180) including a gap region 
20 (160) which opens onto the common edge of the 
slider (10), and j* 

forming a hard protective layer (210) atop the 
magnetic core (180) and covering the magnetic core 
(180) adjacent the common edge of the slider (10). 

25 

1 5. The method of claim 1 4 wherein the step of forming 
the magnetic core (180) further comprises: 

forming a first magnetic core portion (150) 
including a first gap end (150 A) adjacent the com- 
30 mon edge. 

16. The method of claim 1 5 further comprising the step 
of forming the gap region (160) at the first gap end 
(1 50A) by depositing a gap material in the gap region 

35 (1 60), the gap material exhibiting a hardness greater 
than the hardness of the magnetic core (180). 

17. The method of claim 16 further comprising the step 
of forming a second magnetic core portion (175) 

40 including a second gap end (1 75A) adjacent the first 
gap end (150A), the second gap end (175A) being 
separated from the first gap end (150A) by the gap 
region (160) therebetween, the first magnetic core 
portion (150) being joined to the second magnetic 
45 core portion (175) to form the magnetic core (180). 

18. The method of claim 14 wherein the step of forming 
a hard protective layer (210) comprises depositing 
a layer of diamond-like carbon (DLC) atop the mag- 
so netic core (180) and covering the magnetic core 

(180) adjacent the common edge of the slider (10). 

19. The method of claim 18 wherein the diamond-like 
carbon is deposited by chemical vapor deposition. 

55 

20. A method of fabricating an integral slider/head 
assembly characterized by the steps of: 

providing a substrate (50) including first and 
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second opposed planar surfaces; 

forming an array including a plurality of 
spaced-apart magnetic cores on the first planar sur- 
face of the substrate (50), each magnetic core 
including a gap region; and 

forming a hard protective layer (210) atop each 
magnetic core; 

dicing the substrate into a plurality of 
slider/head assemblies each including a magnetic 
core (180) with a protective layer (210) thereon, 
each slider/head assembly thus formed including a 
first axis surface (1 OA), a second axis (1 0B) surface 
and a third axis surface (10C), the first axis surface 
(10A) and the third axis surface (10C) being joined 
at a common edge, the gap region (160) of each 
slider/head assembles being situated at the com* 
mon edge. 

21 . The method of claim 20 wherein each magnetic core 
is formed by fabricating a first magnetic core portion 
(150) including a first gap end (150A). 

22. The method of claim 21 further comprising the step 
of forming the gap region (160) at the first gap end 
(150 A) of each first magnetic core portion (150) by 
depositing a gap material in the gap region (160), 
the gap material exhibiting a hardness greater than 
the hardness of the magnetic core (180). 

23. The method of claim 22 further comprising the step 
of forming a second magnetic core portion (175) 
including a second gap end (1 75A) adjacent the first 
gap end (150A) of each first magnetic core portion 
(150), the second gap end (175A) being separated 
from the first gap end (150A) by the gap region (160) 
therebetween, the first magnetic core portion (150) 
being joined to the second magnetic core portion 
(175) to form the magnetic core (180) of each 
slider/head assembly of the array. 

24. The method of claim 1 4 wherein the step of forming 
a hard protective layer (210) comprises depositing 
a layer of diamond-like carbon (DLC) atop the mag- 
netic core (180) of each slider/head assembly. 

25. The method of claim 18 wherein the diamond-like 
carbon is deposited by chemical vapor deposition. 

26. A method for fabricating a thin film head having a 
magnetic gap (1 60) formed in a magnetically perme- 
able core (180), characterized by: 

providing a substrate (50) of a material sub- 
stantially harder than the core (180); 

forming a first coil portion over the substrate . 

(50); 

forming a first member of the core (180) over 
the substrate (50) with a first region of the first core 
member (150) being over the first coil portion (110), 



the first core member (150) having a gap-defining 
surface; 

forming a second coil portion (190) over the 
first region of the first core member (150), the sec- 
5 ond coil (190) being electrically integrated with the 
first coil portion (110) to provide an induction coil; 
and 

forming a protective member (210) over the 
first core member (1 50) in proximity to the gap-defin- 
io ing surface, the protective Jayer (210) being sup- 
ported by the substrate (50) and being of a material 
substantially harder than the core. 

27. A method as in claim 26 wherein: 

15 the substrate (50) providing step comprises 

providing an alumina substrate (50); 

the first core member (1 50) forming step com- 
prises plating nickel-iron; and 

the protective member (210) forming step 
20 comprises depositing a diamond-like carbon layer. 

28. A method as in claim 26 further comprising: 

forming a second member of the core (175) 
over the substrate (50), the second core member 

2S (1 75) having a gap-defining surface (1 50A) opposite 
the gap-defining surface of the first core member 
(1 50), and a magnetic coupling surface magnetically 
coupled to a magnetic coupling surface of the first 
core member (150); and 

30 forming gap-defining material between the 

gap-defining surfaces (150A, 175A) of the first and 
second core members (150, 175). 

29. A method as in claim 28 wherein the gap-defining 
35 material is substantially harder than the core (180). 

30. A method as in claim 29 wherein: 

the substrate (50) providing step comprises 
providing an alumina substrate; 
40 the first core member (1 50) forming step com- 

prises plating nickel-iron; 

the second core member (175) forming step 
comprises plating nickel-iron; 

the protective member (210) forming step 
45 comprises depositing a diamond-like carbon layer; 
and 

the forming gap-defining material step com- 
prises depositing a diamond-like carbon layer. 

50 31. A method as in claim 28 wherein the first and second 
core members (150, 175) are respective first and 
second thin film features, the gap-defining surfaces 
(1 50A, 1 75A) being respective edges of the first and 
second thin film features. 

55 

32. A method as in claim 28 wherein the first and second 
core members (150, 175) are respective first and 
second thin film features, the gap-defining surfaces 
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(1 50 A, 175 A) being respective portions of major sur- 
faces of the first and second thin film features. 

33. A method as in claim 28 further comprising: 

cutting the substrate (50) to form a rough head s 
unit edge proximate to the gap-defining material; 
and 

lapping the rough head unit edge to form a fin- 
ished head unit edge that includes the gap- defining 
material disposed between the gap- defining sur- 10 
faces (150A, 175A) of the first and second core 
members (150, 175). 

34. A method as in claim 26 wherein the first core mem- 
ber (1 50) is a thin film feature, the gap-defining sur- is 
face (150A, 175A) comprising an elongated surface 
region and a restricted surface region. 

35. A method as in claim 26 further comprising: 

cutting the substrate (50) to form a rough head 20 
unit edge proximate to the gap-defining edge of the 
first core member (150); and 

lapping the rough head unit edge to form a fin- 
ished head unit edge that includes the gap-defining 
surface of the first core member (150). 25 



30 



35 



40 



45 



50 



55 



EP 0 700 033 A2 



FIG. IA 




FIG. IB 

24A 'OA |0 



) 



EP 0 700 033 A2 



FIG. 2A 



100 



100 



2B 




100 



FIG.2B 



105 



0 



100 




OA 



50 



FIG.2C 



0 



00 



105 




50 



IIOA 



) 



EP 0 700 033 A2 



FIG. 3A 



i i 

i i 

IOO-f- \OOJr 
I 




I 



EP 0 700 033 A2 



FIG.4A 



100 



FIG.4B 




100 



4D 

L. 




135 



FIG.4C 



HOB 




I I 
I I 
I I 




115 



100 



4D 



hoc 



FIG.4D 



,135 

_L^I30 



100 




EP 0 700 033 A2 




FIG. 5B 



i ) 

EP 0 700 033 A2 



FIG.6A 



/ i 



FIG.6B 



100 



r 
i 



■ — i ! i 



I 1- 

L__1__L_. 



I 



\ 
I 



100 



/"J" 70 

(I50A [— j 

jr I 

^ ! 

I I J I 



X 
I \ 



165 



FIG.6C 



6D 
150. 



I50A 



100 



OA >cf| 

SM l50B 

no i 



h — I — r- 

1 I 1 
-i — — i- 



120- 




115 



" 6D 
-J 



•135 



M55 



FIG.6D 



50 

4^ 



150 



I60B 



155 
160 




I60A 
I60C 



100 

/ 



EP 0 700 033 A2 




FIG.7B 



160 
I60B ( I60A 
150 \lJjJ75A 175 



FIG.7C (50 180 



110 



135 



100 



50 I50A 1 I60C 



100 




EP 0 700 033 A2 



8B 



180. 

50. 



FIG. 8A 



M55 



FIG. 8B 

•85 , / ,55 



. 100 




100 




I 1 I ( 



ZZ2ZZZZZZI 



t ) 

EP 0 700 033 A2 



FIG.9A 



9C 




FIG.9B I90A 195 



180. 
150 




-185 



100 



9C 



100 



50 



110 
I90A 



FIG.9C 1 90 vg 

I80^EZ2 




, ) 

EP 0 700 033 A2 



■ ) 



FIG. IOA 

100 




FIG. IOB 

I90A 



EP 0 700 033 A2 




EP 0 700 033 A2 



) 



FIG. 12 

1202 225 1203 1210 




EP 0 700 033 A2 



FIG. I3A 

— ,245 



235 



245 



240 y 




50A 



235C 250 



FIG. I3B 

245 



235 



235A 




50A 239A 235C[ 239B 

250 



EP 0 700 033 A2 



FIG. 14 




1400 



FIG. 15 



1508 
4— 



1506 



502 



1504 



1500 



